Given the growing relevance of the sustainability agenda to the professions of the built environment, one way to ensure that its mandates are effectively integrated in architecture and urban design is to revisit the role that education, particularly at University level, can play. It is well understood that this requires a significant paradigm shift in the underlying pedagogies involved in educating for sustainability. It could be argued therefore that one of the main challenges is to address the dichotomy between effectively integrating creative expression with rigorous technical exploration, this being a core demand of high quality sustainable design. As such, advances in curriculum development must seek to promote this integration more effectively, and, in so doing, facilitate knowledge transfer between both the creative and scientific disciplines that are core to a sustainable architecture and urban design process. In response, this paper explores the outcomes of a European project, EDUCATE (Environmental Design in University Curricula and Architectural Training in Europe), seeking to look critically at the barriers and opportunities afforded by implementing sustainability in pre-and post-professional education in architecture and urban design, and exploring some of the strategies required to promote such integration. Corporate Social Responsibility and Environmental Management Volume 21, Issue 3, May/June 2014, Pages 143-154 
Introduction
Education for sustainability in the built environment is an incumbent imperative. All construction professionals have an obligation to ensure that the buildings and urban spaces that flow from the design process are a product of careful and responsible practice. This has not always been the case and, rightfully, the finger has in part been pointed at academia for not providing the education that would help such professionals respond to contemporary sustainability challenges.
Indeed, there has been significant response from many quarters claiming that major changes are required to the ways that new generations of architects and engineers are taught within academic institutions at pre-and post-professional level (HEA, 2005) .
Several issues stand in the way of progressing from reductionist and/or deterministic teaching approaches to those that are more inclusive, integrated and systems-thinking based (UNESCO, 2009 ). One such issue surrounds the definition ascribed to, or the scope surrounding, the amorphous concept of 'sustainability'. This term has been interpreted in numerous ways and, especially when associated with the agenda of education in disciplines of the built environment, has often failed to be ascribed a precise meaning. Debates surrounding social and cultural sustainability have at times overshadowed energy and resource conservation or vice-versa. Indeed, one could argue that the rather generalist nature of many built environment programmes is in itself unhelpful, and questions or de-prioritises the fundamental ethos behind sustainable design (EDUCATE, 2010a) .
These issues can be compounded where the education process sits within, and needs to respond to, legislation, professional qualification criteria and accreditation frameworks that themselves fail to explicitly place sustainability at the core of curricula. In some ways, this is not necessarily negative, as sustainable design within the context of the built environment must cover many important issues.
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This presents a dilemma to educators, whereby providing sufficient breadth of coverage of what are considered important topics, often with complex interrelationships, is not always feasible within what is an already busy curriculum. However, it is undeniable that buildings themselves contribute significantly not only to climate change, but also to the health, well-being, comfort and satisfaction of those who occupy or experience them. In response, there is a strong argument that curricula must be developed carefully to ensure that these most pressing challenges are addressed as a priority.
Due to the broad nature of education in architecture and urban design -encompassing at once environmental, socio-cultural and economic issues -the ability to work through the complex requirements of sustainability is particularly relevant, although the challenge is such that it is often met with mixed success. This is due in part to the fact that there is a demand to look beyond the mere content of the curriculum, and grapple with the need to integrate sustainability in a manner that informs the discourse taking place within the building design process itself. As such, questions have to be asked about curricula employing rote and surface learning techniques that have been proven to exacerbate the divide between knowledge acquisition and the understanding that flows from its critical and reflective application. It is argued here that curricula should seek to bridge this divide and develop pedagogies that combine both technical and holistic issues of sustainability with a design approach that is inventive, creative and responsive to pressing environmental needs.
In response to these challenges, the EDUCATE project ( teaching and practice of architecture and urban design, offering guidelines and underlying support to curriculum development at pre-and post-professional level (EDUCATE, 2011) . This paper aims to present and critically analyze some of the outcomes of the EDUCATE project. It explores barriers to the effective integration of sustainability in the education of architecture and urban design and, in response, discusses the opportunities that advances in pedagogy may bring to facilitate its implementation. In pursuit of these aims, the paper is structured in three parts: the first presents the challenges to the practice of sustainable design in the built environment; the second critically analyses the context of higher education and comments on the barriers and opportunities for promoting sustainability in teaching and learning; the third maps the way forward to the sustainable education of architecture and urban design students.
Sustainability in the Practice of the Built Environment
Awareness that buildings account for almost half of global energy consumption is placing significant demands on practitioners of the built environment (IPCC, 2007) . Despite the fact that many professional firms would declare sustainability as a key element of their design approach, relatively few contemporary buildings have lived up to these claims. Conversely, there is a growing legacy of buildings that lack coherent sustainability measures and therefore have the potential for imposing ongoing negative impacts on the environment. Those designed along deterministic and 'energy-centric' lines, without paying heed to the numerous interrelated issues that go into their effective use and operation -or indeed the delight they bring to those experiencing them -while well intentioned, may in the end fare little better. This approach is not universal, however, and it is important not to detract from the many practices that embrace sustainability as core to their ethos and deliver buildings that succeed on all fronts (Clegg, 2007) .
An early task in the EDUCATE project was to canvas views from those working within the built environment professions, relating specifically to how sustainability is perceived and explored within contemporary design practice and to the measures required to meet future challenges. Performed in collaboration with prescription and accreditation bodies worldwide, around 400 online surveys were collated from some 40 different countries (EDUCATE, 2010b) . The results were analysed using simple statistical metrics, with the aim of exploring the main challenges associated with the implementation or integration of sustainability in the built environment. The surveys were also designed to explore market demands and expectations with respect to the competencies sought from students, thereby helping to understand the core skills that should be developed within higher education. The intention here of course was to inform a process designed to ensure that University curricula deliver graduates with the abilities needed to work within a highly competitive, demanding, and dynamically changing, profession.
A Survey of the Key Stakeholders
The survey was divided into three main sections, where practitioners were presented with a series of statements to which they had to express their views, respectively addressing sustainability in relation to: academic curricula; continuing professional development; and, regulations and clients' requirements. A further section of the survey gave respondents the opportunity to freely comment on their perception of the main challenges that affect the implementation of sustainability in professional practice. 
Barriers and Opportunities for Sustainable Design of the Built Environment
In summary, a critical analysis of the results of the survey reveals that realising the potential that an informed response to sustainability offers as a design driver still faces a number of barriers:
Regulations/Standards:
 Lack of a legislative framework that creates real drivers and demands.
 Need for clearer standards, whose application is more strictly verified.
 Lack of a long-term vision and financial incentives to promote innovation in design.
Knowledge/Education:
 Insufficient training for architects, builders, consultants and policy-makers.
 Lack of multidisciplinarity and knowledge transfer between professional domains.
 Cultural norms that ignore the possibilities offered by sustainability, which is still considered as complex, expensive and lying within the domain of the specialist.
 Misleading claims and conflicting information on performance (e.g., 'greenwash').
 Misconceptions on costs, prejudices and mindsets that prioritise saving money at the time of investment rather than looking at costs of ownership.
In terms of regulations and standards, there is still work to be done on the part of policy-makers and bodies regulating access to the profession. In particular, there is a need to provide a legislative framework that effectively encourages and supports sustainable and inspirational design rather than merely imposing benchmarks to be satisfied. Conversely, current qualification and accreditation criteria established by professional institutions are often too inhomogeneous and characterised by loose requirements, especially those quantifying acquisition of the creative and technical skills that graduates are required to adopt within a responsible approach to sustainable practice. Finding the right balance between embracing a rigorous legislation and avoiding an excessively prescriptive regulatory environment is a challenge that needs to be met to ensure that the competence of practitioners is appropriate with respect to both creative design and technical knowledge, as well as
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8 the ethical formation necessary to practice in an industry that will increasingly demand a sustainable approach to design.
To accelerate the holistic implementation of sustainability in shaping the design of the built environment, it is desirable to promote education programmes that provide the multidisciplinary competence -supported by evidence and research-based knowledge -necessary to blend technical ability with the broader set of design skills brought to bear on creative problem solving.
Fulfilling this mandate requires significant reflection on the educational process that serves the needs of the building market. Since Universities make a significant contribution to the flow of new professionals joining the industry, it makes sense that this reflection starts with the curricula followed by students and the relationship between academic programmes and the aspirations of accrediting bodies. Given the importance of Continuing Professional Development (CPD) in maintaining the skill sets of building practitioners, there is also a compelling case to explore the ongoing education of professionals and how this is positioned relative to undergraduate provision.
In terms of curriculum development, it is hence essential that, within the disciplines of architecture and urban design, sustainability is considered not as a mere box to tick in terms of energy efficiency or resource conservation. Rather, it requires a complex and overarching multidisciplinary approach that flows from commitment and expertise, offering the prospect to yield inspired architecture.
Successful transition from student to a responsible practitioner necessitates that knowledge, skills and competence of sustainability are promoted through academic curricula, exposing students to the multifaceted challenges, as well as the opportunities, offered by sustainable design.
Sustainable Design in Programmes of Higher Education
Despite the challenges highlighted by the building industry regarding education for sustainability at academic and professional level, a global review of curricula in architecture and urban design indicates that the 'sustainable agenda' is beginning to assume a central position within higher education programmes (EDUCATE, 2010a).
Historically, core issues particularly surrounding environmental sustainability, such as energy use and conservation, were of specialist concern and seen to be within the domain of the building services or mechanical engineer. However, the recent return to a more passive and climateresponsive (bioclimatic) philosophy of design -where the building operates in concert with the prevailing climate, its occupants and its programme -has meant that sustainability is now a core concern within the disciplines of architecture and urban design, forming part of an overarching approach that must be considered from the inception of a project through to its completion.
Unfortunately, curricula have responded slowly to this change in focus from a specialist to a more generalist domain, and therefore, from a pedagogical perspective, in many cases there still is inconsistency in the ways that sustainability has embedded itself within programmes.
Indeed, many academic institutions still make a program split between theoretical and applied teachings . (EDUCATE, 2010a) . During lectures, students are introduced to the fundamental principles, concepts and bodies of knowledge that -it is assumed -will then guide and inform design development within studio projects. Such teachings may centre on building physics -e.g., science of heat transfer, acoustics or lighting; these being contained either within core modules or, alarmingly, offered as elective-based modules -or socio-cultural considerations and economic analysis. A common feature of such approaches, however, is that the presentation of the core material is often completely alienated from its exploration within design.
As such, students are seldom able to fully engage with an integrated process that creatively investigates the implementation of sustainability in design practice (Altomonte, 2009 ). In addition, students are often expected to embark on design tasks with limited knowledge of the design process itself and often without having formed the basis of the conceptual framework within which solutions would be formulated. The knowledge and preconceptions that they bring to the design are frequently belittled or ignored, with modest attempt made at explaining why these may be misinformed (Rutherford and Wilson, 2006) . Hence, the divide between the application of scientific knowledge (or knowledge that pertains directly to sustainability) and its realisation within the creative design process is perpetuated (Kock et al., 2002) .
Such misconceptions are frequently exacerbated by a naive conception of the process of knowledge acquisition, recall and application. As a matter of fact, following a transmissive model of education that derives its methodologies from the epistemological assumptions of Positivism and technical rationality (Kincheloe, 2008) , the approach to teaching the technical aspects of architecture and urban design generally succeeds in developing students who are merely "good problem solvers through the knowledge of mathematics and physical science" (Kirk and Mulligan 1996) . Lectures are structured linearly, taking students step-by-step through processes and techniques, but rarely developing imagination, creativity, perceptual or spatial skills, essential requirements for a truly integrated design-based program. In this context, Gelernter (1988) Unfortunately, this discrepancy pertains not only to students, but also to their design tutors, who all too often have come through an educational system that has not versed them in an integrated (sustainable) design process, therefore reinforcing this divide. Further, those responsible for delivering the more technical and/or theoretical aspects of curricula are either rarely involved within the didactic studio process, are 'programmed' in such a way that they cannot converse in a manner that can meaningfully inform the design process, or are in such high demand that they cannot devote the time necessary to facilitate integration within the development of studio assignments.
Conversely, to promote a mature and 'deep' learning approach to design that includes, in a robust and rigorous manner, principles and practices of sustainability, students should be encouraged to engage in analytic and synthetic processes at a multitude of levels (Warburton, 2003) .
A 'sustainable' curriculum should respond in a manner that emphasises reflection and critical peer/self-evaluation, where all parties take ownership of the challenges involved in balancing design creativity with environmental, socio-cultural and economic responsibility (Graham, 2002) .
In so doing, students should be exposed to more holistic aspects of sustainability, whilst developing a critical insight and awareness into those multidisciplinary problems that transcend sustainability issues. Ultimately, deep approaches to sustainability must be embraced by curricula, where sustainability is not just seen as a positive addition to the design outcome but, more importantly, as an essential requirement of the design process itself.
Studio Culture and the Sustainability Challenge
The challenges highlighted above reinforce the notion that conventional teaching and learning approaches may not be appropriate for addressing education for sustainability in the design studio.
A fundamental restructuring of both the traditional studio culture and the modules within which core sustainability issues are taught is therefore worthy of consideration. In so doing, the priorities associated with sustainability should be shared widely -and embraced with commitment and enthusiasm -by all students and educators.
In order to recognise the potential pedagogical barriers that still hinder the achievement of such aims, EDUCATE performed a series of interviews with academics in more than 60 faculties and schools of the built environment from some 30 countries worldwide. Academics were presented with questions regarding sustainability in the academic curriculum and in pedagogical methods. Also, respondents were given the ability to reflect on the strengths and weaknesses of the educational structures in place within their own institution and contemplate whether sustainability is indeed integrated as a matter of 'course' or as a matter of 'force'. A critical analysis of the results obtained shows that, to effectively implement principles of sustainability in the pedagogies of architecture and urban design, educators felt the need to:
 Clearly define learning outcomes of academic programs and individual modules.
 Set qualitative and quantitative benchmarks and explicit criteria for assessment.
 Introduce problem-based learning in support of ex-cathedra delivery of information.
 Foster staff competence and familiarity with themes of sustainability.
 Encourage students to embark on reflection and peer/self-evaluation of their work.
 Promote the application of tools and techniques for exploration of solutions appropriate to the various stages of design development.
 Implement a balance between creativity and rigorous verification of proposed schemes.
 Support the engagement of staff and students with external experts starting from the early stages of development of briefs and throughout the design process.
 Develop integrated and inspiring delivery methodologies that support and reinforce dialogue, collaboration and team work within multidisciplinary studio staff teams.
 Reinforce emphasis on the ethical and socio-cultural values of sustainability.
To ensure that sustainability priorities are fully embraced in -and effectively inform -the process of design, the focus of academic programmes must be reconsidered, so as to foster deep learning and knowledge transfer, and bridge the divide between the often conflicting domains of lectures and studio. Such developments should provide graduates with meaningful technical knowledge and with the skills needed to creatively explore it within their design activities. Evidently, commitment, motivation and empowerment towards sustainability should inform all areas of the curriculum. Only by looking beyond the mere contents can successful learning outcomes be achieved.
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Curriculum Development towards Education for Sustainability
A framework for the development of a curriculum placing sustainability at the core of the education of architecture and urban design must be built on an overarching approach that comprehensively encompasses the learning outcomes of the programme, its pedagogical structure, the contents delivered, and the methods for teaching and learning (EDUCATE, 2011) . The curriculum should, however, be primarily based on a 'mission agenda' -set up by the institution -where sustainability is seen as a priority in the education of students from the onset of their studies.
This should start from the design and operation of the institution itself and entail effective leadership in order for sustainability to be seen as a core theme by all students and staff (Graham and Geva, 2001 ). The advertisement of the course is also paramount, so as to attract enthusiastic staff and students, already with an understanding and/or a positive attitude towards the teaching and learning of sustainability. This requires that academic institutions are fully committed to this priority, providing much needed personnel, financial and time resources that, in conjunction with employing appropriate pedagogical methods, tools and techniques, will enthuse and inspire students to the needs for a sustainable approach to design. A successful education for sustainability must also be supported by appropriate regulatory frameworks set by legislative, prescription or accreditation bodies, to help foster investigative discourse between the various professions involved. An education that promotes sustainability needs to encourage students to be critically aware of, and reflect upon, the numerous interdependencies associated with the challenges at hand and, in so doing, contribute to the evolution of knowledge through exemplar research and responsible practice.
To realize such aims, pedagogical developments must build on a critical analysis of the priorities expressed by the professional market, so as to respond to its practices and requirements.
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Knowledge, Skills and Competence of Sustainable Design
Sustainability has been widely acknowledged as a multidisciplinary domain that requires close collaboration between different disciplines. The learning outcomes that graduands should demonstrate at each level of their academic progression must reflect the skill set that is expected for the various subject areas that comprise the programme. When dealing with an integrated curriculum, such as where technical components are embedded within the ethos of design studio, learning outcomes become core. No longer can the outcomes for each module be seen in isolation, but they must be viewed, and delivered, as a comprehensive package.
To educate for sustainability, the acquisition of cognitive notions has to be combined with experiential and analytic abilities (AA, 2010). In other words, the attainment of knowledge must be reinforced through applied learning, where critical reflection helps synthesize or realise the task at hand. The theoretical knowledge that is necessary for translating (synthesizing) physical principles into design forms must be supported by empirical and evidence-based approaches to learning, thereby putting principles within the context of their practice. In so doing, students should develop a deeper awareness of the subject under exploration and indeed, from early stages in projects, should be able to appreciate the many interdependencies that contribute to the success of the task, and thus take an informed view of the likely outcomes of a project.
Appraisal of criteria that currently control graduate entry into built environment professions, however, reveals a substantial lack of clear and measurable indicators defining the level or type of knowledge, skills and competence of themes of sustainability demanded of students at each stage of their academic progression (EDUCATE, 2011) . Whilst it is appreciated that such a lack of specificity is there to help embrace the diversity of a built environment education -and for that reason reflects local, national and international priorities -much could be gained by more informed and explicit guidance, thus preparing students for a professional landscape that itself demands sustainability as core to the design process as a whole.
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The terms knowledge, skills and competence here utilised derive from the European Qualifications Framework for Lifelong Learning (EQF), adopted by the European Commission to act as a "translation device to make qualifications more readable and understandable across different countries and systems" (EC, 2008) . Although the classification of learning outcomes and the descriptors adopted do vary in nomenclature between educational frameworks, the achievements expressed by most of them remain comparatively similar. However, it is the discrepancy between what is achieved (according to these learning outcomes), where in the curricula they are achieved (at what stage in education), and how they relate specifically to the contents, credit or structure of specific programmes, that is important. This is a great challenge when reflecting on the relatively autonomous, independent and innovative nature of many programmes of higher education. Given their importance, EDUCATE explored these critically, reviewing pedagogies internationally, and resulting in the following recommendations (EDUCATE, 2011).
At undergraduate level, the first stage of higher education (e.g., Bachelors or undergraduate Masters, normally years 1 to 3/4 of the curriculum), key values and principles of sustainability should be taught at an introductory level. By addressing a range of contemporary challenges that affect the building professions and the wider environment, the key outcomes are to increase awareness of sustainability issues, enthuse and motivate students into addressing these and, in so doing, seek commitment from students to respond to these issues in an appropriate manner. As such, knowledge itself becomes an empowering force and opens students up to the creative possibilities that flow from its exploration. To facilitate this process, students should be exposed to experiential learning aids that are at the disposal of educators, including appropriate case studies, field trips, laboratories, learning tools (e.g., mobile and computer applications), and so forth.
Teaching and its associated learning must extend beyond those modules that are traditionally associated with sustainability, such as environmental design, architectural science, etc., and be embraced by the broader range of subjects within the programmes, including humanities, tectonics
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(e.g., structures and construction), etc. As such, sustainability should be informed not only by site, climate, typology, construction techniques and building occupancy, but also (and critically) by history, sociology, psychology and cultural studies, thus affording a rich setting through which traditional and contemporary design can be explored. Undergraduate students should be encouraged to be propositive, and the pedagogy should foster sensitivity towards the pragmatic and poetic creation of spaces. Knowledge of underlying regulatory frameworks should be introduced, helping students to gauge (or benchmark) their propositions against tangible qualifiable or quantifiable metrics. Whilst some may see such notions as being highly reductionist, this approach could afford students with the ability to ask better (or more relevant / appropriate) questions. Simple verification and calculation techniques should allow students to recognise constraints and explore solutions from early on in the design process and empower them to quickly explore the multi-faceted relationships with other built environment domains. Using such techniques, designs can be informed from the outset, the decisions that flow from these allowing students to explore proposed solutions in a more rigorous manner as the process evolves. This can only be realised, however, by supportive tutoring that steers a careful path between creative freedom and theoretical rigour (EDUCATE, 2011) .
At graduate level, the second stage of higher education (e.g., Diploma or postgraduate Masters, years 4/5 to 5/7 of the curriculum), principles, strategies and solutions to sustainability issues should be explored in depth and linked strongly to multidisciplinary design. Students should be able to take a critical position in relation to the wider issues and objectives of sustainability and its expanding boundaries. Coursework should explore interconnected constraints of themes of environmental, socio-cultural and economic sustainability that can be creatively addressed. Students should be encouraged to develop autonomy in application, propose innovative solutions to questions and explore these using appropriate techniques. The role of design as an exploratory mechanism should be reinforced, stressing the importance of research by design and design by Corporate Social Responsibility and Environmental Management Volume 21, Issue 3, May/June 2014, Pages 143-154 Special Issue: The Influence of Pedagogy and Curriculum in Sustainable Development Education for Universities research. At graduate level, design must become a way of producing knowledge, exploring the complexity and interrelationships between complimentary and diverging views of the various actors of the built environment. Advanced design and verification tools, when introduced in direct connection with built case studies, provide an opportunity to foster data analysis and on-site observations, as well as engaging in comparative evaluation of performance data and calculated and/or simulated results. Knowledge and skills with respect to the regulatory frameworks and standards should be developed, including awareness of costs. Multidisciplinary and group work, preferably with an international dimension, should be encouraged to reflect market conditions and foster skills in interfacing with other professions (EDUCATE, 2011) .
At the third stage of higher education, i.e. at postgraduate level (e.g., post-professional programmes), students should further deepen -and subsequently become more focused in -their interests, linking learning and application to development and research. At this stage, life-long learning becomes a priority, and students should be provided the opportunity to participate in activities that facilitate this, such as through Continuing Professional Development (CPD) initiatives or engagement in part-time further education. Abilities acquired should look comprehensively at the built environment in a holistic way. Students are expected to commit to cutting-edge scholarly and/or design research and demonstrate proficient direction in interacting with other professionalisms. They must be able to think critically about the nature of knowledge and how it is produced, expanded and validated, demonstrating competence in the performance targets of the built environment, from building, through urban design and landscape, up to consideration of wider environmental, economical, political and socio-cultural contexts. Advanced tools for analysis should be provided, so as to promote new avenues of research and the development of innovative design solutions (EDUCATE, 2011) .
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Programme Structure
A plurality of structures could be adopted by academic programmes to accommodate the targeted learning outcomes (Guy and Moore, 2007) . These, in fact, have to respond to the specific teaching culture, methodologies, resources (physical or manpower) and organisation of the higher education institution concerned.
In order to identify best practice in integrating sustainability in academic programmes and clarify strengths and opportunities of different pedagogical structures, EDUCATE has, through its exploration of academic curricula internationally, analysed the relationship between different disciplinary areas in several courses/degrees (EDUCATE, 2011), concentrating on: (1) content, that is the stages of education where specific information on sustainability is provided; (2) staff-tostudent ratio (SSR or full time equivalents, FTEs), for theoretical and applied modules; (3) delivery methods, e.g., specialist lectures, seminars, workshops, etc.; (4) pedagogical tools, including software, live projects, etc.; and, (5) assessment criteria, i.e. coursework, laboratory tests, fieldwork and so on. Based on the results of this analysis, a broad systematisation of five models in which academic programmes in architecture and urban design can be structured has been performed. These distinguish the various opportunities and constraints that each brings in affording the implementation of sustainability within an exploratory design discourse.  Parallel: each disciplinary domain runs autonomously and knowledge is delivered basing on a 'satellite' approach, with dedicated lectures and stand-alone assessment. This structure can be highly efficient in terms of delivery and assessment and has the potential to foster a coherent and rigorous exploration of sustainability. Yet, such an approach may come at a price, where it is often seen as being divorced or remote from key design tasks. In other words, the autonomous nature of such an approach may not promote integration of sustainability within creative design.
 Partially integrated: different domains are linked in delivery or, more frequently, in assessment.
Such an approach either sees the module itself bridging the disciplinary areas, or, in some cases, bridging modules are initiated that act as a forum for critical exploration of the work presented via more technical taught content. In the case of the latter, it may be that a particular sustainability-related theme as discussed within a lecture is explored in the bridging module through a case study. Whilst such an approach may demand significantly more resources than a parallel structure, it does bring with it the advantage that the rigorous exploration of the issues at hand can be assessed in a manner that judges the student's understanding of the specific domain. The bridging module itself can then seek to explore these issues at a more holistic level, as they apply to the design process. In other words, both rigour and its creative exploration may be embodied and, as such, promote deep learning through applied techniques. Assessment mechanisms are core to the success of the pedagogy.
 Fully integrated: various disciplines converge around the central core of the design studio (Levy, 1980) . Principles and values of sustainability are delivered and assessed in connection with the requirements and development of the design project. This is one of the most contentious and difficult of all approaches, as it implies that design studio becomes the focus of all teaching and requires that sustainability be a core ethos of the curriculum. Its success is dictated not only by the content and assessment mechanisms employed, but by the skills, expertise, cooperation and motivation of the staff participating in the pedagogy. Hence, by assumption, all those teaching on the programme must also be passionate about, and committed to, sustainability.
 Iterative: knowledge is progressively deepened through a series of 'loops'. The curriculum does not follow a linear series of successive stages in knowledge delivery and assessment, but rather the complexity of the themes presented gradually grows throughout the course. Fundamental to the success of such a structure is that all modules, from those delivering technical or theoretical contents to those characterised by an exploratory and hands-on approach, must be built on clear interdependencies, where complexity of exploration increases with the programme.
 Elective: contents are enriched by optional courses, potentially structured as domain-specific teachings that students can include in their study program (e.g., Minors). The flexibility in the choice of the elective modules on offer -often from different faculties/departments -allows the exploration of sustainability (and/or other disciplinary domains) from various points of view.
Whilst the elective approach is to a large extent costly in terms of both time and manpower, it does offer students the ability to explore an area that is of interest to them (EDUCATE, 2011).
Each structure offers potential opportunities and threats, hence it is necessary that the curriculum is supported by adequate pedagogical methods and tools that facilitate knowledge transfer between technical and applied domains (Salama, 2005) . Indeed, process is essential for learning and the way in which learning occurs is as important as the content of the learning itself (Orr, 1991) .
Lectures and Studio as Places of Active Engagement
In an education successfully embedding sustainability at the core of the curriculum, pedagogical strategies must provide the conceptual principles, empirical explorations, and analytic techniques necessary to inform design. By challenging traditional tansmissive pedagogies, it is possible to suggest that the objective of integrating the lecture and studio processes should be to encourage critical and creative thinking, problem solving, effective decision making and conflict resolution. Enquiry, discussion and applications should be fostered, so that connections between key concepts can be made and a framework that allows students to start on an evolutionary path of development can be provided (Schon, 1984) . The learning environment must become one of cooperation and activity, treating students as active seekers of knowledge, engaged in lectures and design tasks (Rutherford and Wilson, 2006) . Lectures should not be presented independently of studio. In fact, the contents presented at lectures will not be efficiently absorbed if the information is excessive, inaccessible, or not seen as consistent or relevant to the demands of the design project (Cole, 1980) . In this context, a key technique that could prove successful to "foster unity between the learning process and the learner" (Auchey et al., 2000) is problem-based learning, whereas the motivation provided by the challenge supplies the incentive to learn (Smith, 2009) . Problem-based learning can be successful not only in delivering knowledge, but also in training learners in a new way of thinking, providing the skills required to solve problems (Leroy et al., 2001 ) and preparing for lifelong learning (Grosskopf, 2004) . When learners are given a problem and struggle to find the answer, they increase their interest levels in the subject, making the information acquired, as well as the thinking strategies involved, more memorable. On the other hand, when problem-based learning involves the application of knowledge to a practical task, students become engaged in the task and in the learning process itself, linking experience and observation to contextualisation and experimentation (Kolb and Kolb, 2005) and acquiring the ability to use effectively the knowledge gained. Engagement is one of the main processes to induce motivation, in that we learn more effectively when we are interested in the subject matter and we can combine theory and perceptual knowledge (Levy, 1980) . Students who are motivated want to learn, are more interested in their task, and absorb knowledge more readily, triggering deep as opposed to surface learning (Filho, 2000) . Both intrinsic (originating from a challenge) and extrinsic (caused by the ambition to achieve a reward) motivation can be activated by problem-based learning. Of the two, the intrinsic one (e.g., the experience) is probably the more valuable in terms of promoting life-long learning as it also involves a desire to understand (Lepper and Hodell, 1989) . Conversely, a significant factor in supporting students' motivation towards learning can be represented by group support and peer influence on behaviour, again a form of extrinsic motivation (Child, 2004) . Constructive feedback and student peer grouping can communicate and reinforce values, since the attitude and mentality of tutors and peers can influence the students' thinking (Smith, 2009) .
In this context, to support collaborative learning and motivate participants through interactive exchanges, didactic tools deriving from Information and Communication Technologies (e.g., elearning) are presenting an opportunity to establish new ways for students to learn, work and collaborate with tutors and peers locally and globally, marking a significant step forward in combining creativity with practical skills. Obviously, the use of pedagogical e-learning tools should by no means be considered as a substitute for studio and lectures, although, by enabling some curricular activities to take place outside the physical boundaries of the studio, the effectiveness of a 'blended' pedagogy can benefit in increasing engagement of students (and staff), and as a result, enhancing the quality of the teaching and learning experience (Altomonte, 2010) .
Conclusions
To facilitate the implementation of sustainability in architecture and urban design within a socioculturally, economically and creatively viable discourse, its principles and practices have to assume a central position within the formation of professional competence and ethos of practitioners from the earliest stages of education.
To this end, this paper has identified some of the key hindrances to the successful integration of sustainability in teaching and learning programmes and, consequently, has discussed some potential opportunities that could contribute to achieving such a target within higher education and in postprofessional training. With this in mind, research endeavours such as EDUCATE are a testament to the appreciation of the need to link more strongly the educational sector with parallel initiatives in the professional domain. Other ways forward may reside in linking continuous professional development for educators and practitioners directly to changing legislation, and benchmarking academic coursework against leading edge practice, using real case studies with proven performance credentials to help reinforce design methodologies.
In conclusion, education for sustainability must break out of traditional disciplinary compartments and bridge divides between technical rigour and creative exploration, research and application, technical sciences and creative arts, education at pre-and post-professional level.
Clearly, new forms of flexible and responsive teaching and learning should be transferred from other disciplines and challenge conventional pedagogical methods in architecture and urban design, since their implementation surely holds the potential to promote sustainability as the ultimate aim of any pedagogical process.
